Summary.
A well developed extra-adrenal cortical body with an axis of 200-700um was found in eighteen of thirty adult male Wistar rats under a stereomicroscope. All eighteen bodies were located between the kidneys. Blood vascular beds of sixteen of the eighteen bodies were reproduced with a methacrylate casting medium and observed with a scanning electron microscope.
The extra-adrenal cortical body was found to contain remarkably numerous capillaries which anastomosed with each other to form a conglomerated network; it received one afferent vessel and issued one to three (usually, one) efferent vessels. The blood capillaries were of sinusoidal and uniform calibers, and resembled those of the adrenal cortex. The network with an axis of 300-700 p m possessed a typical, deep efferent rootlet which corresponds to the central vein of the adrenal gland. Histological examination of the two bodies treated with Orth's or Helley's fixative confirmed that they consisted of non-chromaffin cells similar to those of the adrenal cortex.
These findings suggest that in the rat, the extra-adrenal cortical bodies persist throughout life, actively producing cortical hormones.
As is well known, the adrenal gland develops from two components: a mesodermal portion which forms the adrenal cortex, and a neuroectodermal portion which forms the adrenal medulla (KEENS and HEWER, 1927; BACHMANN, 1954a; GARDNER, 1975) . It is also well known that some parts of the mesodermal and neuroectodermal portions may remain outside the adrenal gland and survive as extra-adrenal cortical and chromaffiin bodies, respectively (WRETE, 1927; WATZKA, 1943; BACHMANN, 1954b; COUPLAND, 1960; HERVONEN, 1971; HERVONEN et al., 1978) . Although little has been known about the vascular architectures of these bodies, our previous scanning electron microscopic study of corrosion casts has demonstrated in the rat that the extra-adrenal chromafiin body contains a rich network of capillaries which is denser than that of the adrenal medulla (MURAKAMI et al., 1988) . In that study, we also indicated that the extraadrenal cortical body contains a rich vascular network which is characterized by the sinusoidal nature of the capillaries (MURAKAMI et al., 1988) . The present paper discusses the detailed vascular architecture of the rat extra-adrenal cortical body, a topic omitted from our previous description (MURAKAMI et al., 1988) .
MATERIALS AND METHODS
Sixteen extra-adrenal cortical bodies, which had been identified in thirty adult male Wistar rats by stereomicroscope (SMZ-10, Nikon), and blood vascular beds which had been reproduced by a methacrylate casting medium in our previous study (MURAKAMI et al., 1988) , were observed with a scanning electron microscope (HHS-2R, Hitachi) using an acceleration voltage of 5kV. After observation, most of the specimens were microdissected with sharpened needles under the stereomicroscope and again observed with the scanning electron microscope. This series of microdissection and scanning electron microscopy of the specimens was repeated several times in order to observe completely the inner structures of the specimens.
Two extra-adrenal cortical bodies also found with the stereomicroscope in the thirty adult male Wistar rats and fixed with Orth's or Helley's solution containing potassium dichromate in our previous study (MURAKAMI et al.,1988) were embedded in paraffin, cut into sections, stained with hematoxylin, hema-264 T. MURAKAMI et al.: toxylin-eosin or the Masson-Goldner method, and observed with a transimission light microscope (BH-2, Olympus).
RESULTS
The fresh extra-adrenal cortical bodies in the living, anesthetized rats were similar to the adrenal glands in showing a dark-brown coloration under the stereomicroscope.
They were embedded retroperitoneally in the whitish-yellow adipose tissue between the left and right kidneys, particularly in close association with the adrenal or renal veins (Fig. 2) . The extraadrenal cortical bodies thus found by stereomicroscopic dissection were ovoid in shape and measured 200-700 um in longer diameter.
Light microscopy of paraffin sections from two extra-adrenal cortical bodies revealed, after fixation in Orth's or Helley's solution and staining with hematoxylin, hematoxylin-eosin or by the MassonGoldner's trichrome method, that the bodies, both being covered by a thin connective tissue capsule showed some structural differences. The smaller body with an axis of about 250 um contained columnar and polyhedral cells which resembled the cells of the zona glomerulosa and fasciculata of the adrenal cortex, respectively ( Fig. 1) . The larger one with a long diameter of about 600 um contained columnar, polyhedral and polygonal cells. This body thus contained all cell-types of the zona glomerulosa, fasciculata and reticularis of the adrenal cortex. In both bodies, the blood capillaries were rather wide in caliber or sinusoidal in nature, and richly distributed among the columnar, polyhedral or polygonal cells (Fig. 1 ). No chromaffin cell was recognized in either body.
During isolation of the cast specimens under the stereomicroscope, it was observed that each of the extra-adrenal cortical bodies received one afferent vessel from a branch of the right or left inferior diaphragmatic artery (five cases), the right or left superior adrenal arteries (four cases) or the right or left inferior adrenal arteries (seven cases), and emitted one to three efferent vessels: (one in thirteen cases, two in two cases, and three in one case). The efferent vessels drained, together with the left or right adrenal vein, into the left or right renal vein. In five specimens, they emptied directly into the left or right renal vein.
Scanning electron microscopy allowed clear observation of the cast bodies as well as their affiliated vessels at different stages of microdissection.
In all cases, no marked constriction was reproduced in any segments of the afferent and efferent vessels. Regardless of their sizes the extra-adrenal cortical bodies consisted of freely anastomosing capillaries with homogenous distributions (Figs. 2-4) . The capillaries were all tortuous in course (Figs. 2-4) and their caliber was as large as the sinusoidal capillaries in the adrenal cortex (Fig. 2) .
In smaller bodies with long diameters of 200-300 um (seven cases), the afferent vessel was as thick as the efferent vessel (Fig. 2) . In this type, the afferent vessel continued at one pole of the body into the sinusoidal capillaries, with the efferent vessel at the opposite pole receiving the sinusoidal capillaries (Fig.  2, Inset) . In larger bodies with long diameters of 500-700um (five cases), the afferent vessel was markedly thinner than the efferent vessel (Fig. 3) . In this large type, the afferent vessel branched on the surface of the body into several afferent rootlets, which ran on the surface layer of the body and continued into the sinusoidal capillaries (Fig. 3) . No afferent rootlet running deep into the body was observed. The sinusoidal capillaries thus supplied converged in both the surface and deep layers of the body into the efferent rootlets (Fig. 4) . In general, the capillaries in the outer two thirds of the body emptied into the superficial efferent rootlets located in the surface layer of the surface of the body near the afferent vessel (Fig. 3) . A similar gathering of the afferent and efferent vessels at one pole of the body surface was also observed in those cases with two or three efferent vessels. Even in instances of two or three efferent vessels, the capillaries in the inner one third of the body emptied into a solitary deep efferent rootlet located deep in the body, and continued into one of the efferent vessels on the surface of the body. In the mediumsized bodies with long diameters of 300-500 um (four Fig. 3 . Methacrylate-cast blood vascular bed in a large extra-adrenal cortical body (CB) of an adult rat. This body was found in adipose tissue just above the left renal vein. Note that the efferent vessel (E) is thicker than the afferent vessel (A), and that many discontinuities of capillaries (arrowheads) are observed, though the afferent and efferent vessels are sufficiently filled with the casting medium. a Afferent rootlets, se superficial efferent rootlets and their twigs. X150 Vascular Bed of the Rat Extra-adrenal Cortical Body 267 Fig. 4 . Blood vascular bed in a large extra-adrenal cortical body (CB) of an adult rat. This body, found in adipose tissue just above the right renal vein, was microdissected to remove the afferent vessel and expose the inner structures. Note that the efferent vessel (E) receives an efferent rootlet (de) which arises in a deep region of the body. F microdissected fragments, a afferent rootlets, se superficial efferent rootlet. x140 cases), the afferent vessel was as thick as the efferent vessel though the patterns of distribution of the afferent and efferent vessels within and outside the body were principally similar to those of the largesized body.
The findings obtained from the cast specimens, especially those from the medium-sized bodies, are schematically diagrammed in Figure 5 .
DISCUSSION
The term extra-adrenal cortical body used here may be replaced by other terms such as adrenal rest (O'CROWLEY and MARTLAND, 1943; MITCHELL and ANGRIST, 1943) cited by BACHMANN, 1954b) . Regardless of terminology, the body can be defined as an encapsulated collection of adrenocortical cells. The present histological examination showed that the dark-brown body between the left and right kidneys in the adult rat contains cells similar to those in the adrenal cortex, and confirmed that this body is an extra-adrenal cortical body. The histological features of this body corresponded to those of the extra-adrenal cortical bodies in humans and animals, including the rat, previously reported by other authors (RICKER, 1896; GRUENWALD, 1946; BACHMANN, 1954b) . The only difference here is that one (large) body of our specimens contained polygonal cells similar to cells in the zona reticularis of the adrenal cortex. DENBER (1949) described cells of the zona reticularis in 12 of 72 human extra-adrenal cortical bodies. The present scanning electron microscopy of corrosion casts clearly showed that the extra-adrenal cortical body of the adult rat contains a rich blood vascular bed, which consists of freely anastomosing capillaries. This dense capillary network was seen to receive one afferent vessel and to emit one to three (usually, one) efferent vessel; the capillaries inserted between the afferent and efferent vessels are sinusoidal except for the afferent and efferent rootlets, and possess large calibers similar to those of the sinusoidal capillaries of the adrenal cortex. One difference may be that the capillaries of the extraadrenal cortical body are more tortuous than those of the adrenal cortex. Although the extra-adrenal cortical bodies, including those located in the retroperitoneum and genital organs, have been studied by many authors in humans and various animals, including the rat (KovACS, 1928; O'CROWLEY and MARTLAND, 1943; MITCHELL and ANGRIST, 1943; DENSER, 1949; FASSBENDER, 1949; BACHMANN, 1954b; SONG and CHI, 1981; BONDY, 1981; WOLLOCH et al., 1986) , no one has described the three-dimensional blood vascular architectures of these bodies. KOVACS (1928) and DENBER (1949) , by light microscopy of tissue sections, described the capillary structure of the extra-adrenal cortical bodies in the humans as being the same as that within the adrenal cortex. Transmission or scanning electron microscopy of tissue samples has thoroughly confirmed in humans and various animals, including the rat, that the cortical capillaries of the adrenal cortex are sinusoidal in nature and show marked f enestrations (LUSE, 1967; RHODIN, 1971; MOTTA et al., 1971; KRSTIC, 1981) . It seems reasonable to presume that the extra-adrenal cortical body may share the fenestrated endothelium with the adrenal cortex.
The present scanning electron microscopy of corrosion casts also demonstrated that the large or medium-sized extra-adrenal cortical body of the adult rat was provided with a deep efferent rootlet, in addition to the superficial efferent rootlets. This pattern of venous drainage is similar to that of the adrenal gland. As seen in Figure 2 , the adrenal gland possesses a main, thick efferent vein continuous with the central vein in the adrenal medulla and some accessory veins or venules which, at the adrenal hilum, collect the sinusoidal capillaries in the surface layer of the adrenal cortex. It is believed that the deep efferent rootlet of the extra-adrenal cortical body corresponds to the main or central vein in the adrenal medulla, and that the superficial efferent rootlets of the extra-adrenal cortical body correspond to the accessory veins of the adrenal gland. Accessory veins of the adrenal gland were constantly observed in the rats studied here. Many authors, including us, have previously overlooked these accessory veins (DEMPSTER, 1974; COUPLAND and SELBY, 1976; HENDERSON and DANIEL, 1978; KIKUTA and MURAKAMI, 1982, 1984) .
It is noteworthy that the extra-adrenal cortical body contains a rich sinusoidal capillary network which is as dense as that of the adrenal cortex. This may suggest that the body actively produces cortical hormones such as glucocorticoids.
It is suggested moreover, that the large extra-adrenal cortical body containing even polygonal cells may produce all cortical hormones, including aldosterone.
The larger cortical bodies are characterized by their thick efferent vessels. A sinusoidal capillary network with the efferent vessel thicker than the afferent vessel has been known to occur in the kidney; in mature or adult juxtamedullary glomeruli, the efferent vessel is thicker than the afferent vessel (MURAKAMI et al., 1971; MURAKAMI, 1972 ). In contrast, immature or fetal juxtamedullary glomeruli containing a small number of capillaries are provided with an efferent vessel as thick as the afferent vessel (HITOMI et al., 1987) . This may suggest that the smaller extra-adrenal cortical bodies with the efferent vessel as thick as the afferent vessel are in an incomplete condition as is indicated by the lack of the polygonal zona reticularis cells.
Our previous study of corrosion casts has indicated that the afferent vessel of the extra-adrenal chromaffin body in the rat possesses a circular constriction at its origin (MURAKAMI et al., 1988) . In contrast, the afferent vessel of the extra-adrenal cortical body studied here showed no such constriction. Neither constriction nor valvular impression was imprinted in any segments of the efferent vessel of the extra-adrenal cortical body. These data may suggest that in the extraadrenal cortical body, the blood flows into the body and also leaves the body without any interruption. The blood flow within the body is believed to be unimpeded since the capillaries are sinusoidal. The blood flows particularly rapidly in the large body with the efferent vessel thicker than the afferent vessel. In fact, many incomplete fillings of the casting medium in the capillaries (or many discontinuities of capillaries) were observed in the large body though the afferent and efferent vessels were sufficiently injected with the casting medium (Fig. 3) .
It was considered whether our stereomicroscopic dissection of living animals might have overlooked many extra-adrenal cortical bodies (see MURAKAMI et al., 1988) . To avert this, we used a stereomicroscope and a scanning electron microscope to carefully observe ten cast specimens obtained from adult rats in which a cortical body had failed to be identified by dissection. Through this observation, we found one or two conglomerated capillary networks (100-400um in long diameter) in eight out of the ten cast specimens. Each of these additionally found networks corresponded in structure and location to the extra-adreanl cortical bodies (data, not shown). This supplementary observation may extend the above finding and suggest that in the rat, the extraadrenal cortical bodies occur constantly and persist throughout life.
